We have cloned the cDNAs encoding the two Xenopus laevis cadherin-6 pseudoalleles (Xcad-6 and Xcad-6 H ), which belong to the classical type II cadherin subfamily. During embryogenesis, Xcad-6 expression starts at early neurula and increases dramatically until tadpole stages. Whole-mount in situ hybridization revealed that the transcripts are localized in the developing brain and eye. However, most prominent expression was found in the peripheral nervous system, including a major proportion of lateral line structures. Our results implicate an important contribution of cadherin-6 to the formation of placode derived nerves in Xenopus, an observation which has not been described for other species. q
Results and discussion
Via PCR-based approach we isolated the cDNAs encoding the two Xenopus cadherin-6 pseudoalleles (Xcad-6 and Xcad-6 H , Acc. Nos. AF263272 and AF263273, GenBank). The deduced proteins consist of 792 amino acids and differ in four amino acids (Fig. 1A) . The closest known relatives within the Xenopus laevis species are xF-Cad and Xcad-11 (Fig. 1B) . Characteristic of type II-cadherins, the HAVtripeptide is replaced by a QAV-motif in Xcad-6 variants. The lowest overall homology is observed in the N-terminal signal peptide (Fig. 1A) .
Using RT-PCR transcripts were ®rst visible in early-neurulae (stage 12), and increased up to the tadpole stages ( Fig.  2A) . Whole-mount in situ hybridizations revealed expression in tailbud stages at the forebrain-midbrain-and midbrain-hindbrain-boundaries (fmb, fhb), in the eye (e) and the ganglion of the anterodorsal lateral line nerve (gAD) (Fig. 2B) . The latter is derived from the dorsolateral placodal area (Schlosser and Northcutt, 2000; Winklbauer and Hausen, 1983; Winklbauer, 1989; Collazo et al., 1994) . On a transverse section through the hindbrain region of a stage 25 tailbud the whole fused ganglion formed of the ganglia of the facial, anteroventral and anterodorsal lateral line nerves (gAD, AV, VII) is positive for Xcad-6 mRNA ( Fig. 2E ; Schlosser, personal communication) .
With further development the Xcad-6 pattern in the peripheral nervous system appeared more complex because more cranial nerves became Xcad-6 positive ( Fig. 2C,D) . At stage 32 two newly formed ganglia and their nerves express Xcad-6 (Fig. 2C) . One ganglion (gM, IX) consists of the glossopharyngeal and middle lateral line nerves, the other one (gP, X) of the vagal and posterior lateral line nerves. A transverse section through the ear region of a stage 35 embryo shows the stained ganglion of the glossopharyngeal and middle lateral line nerves (Fig. 2F) . The root of facial, anteroventral and anterodorsal lateral line nerves are also positive for Xcad-6 mRNA (Fig. 2F ). More ventrally Xcad-6 is found in the epibranchial placode of the ®rst vagus nerve ( Fig. 2F ; Schlosser and Northcutt, 2000) . In a more posterior section transcripts are found in the posterior lateral line placode (pP) (Knuoff, 1935; Winklbauer, 1989; Schlosser et al., 1999; Schlosser and Northcutt, 2000) and in the fused ganglia of the vagus and posterior lateral line nerves (gP, X) ( Fig. 2G ). Dorsally to them the root of vagus and posterior lateral line nerves (rP, X) are positive for Xcad-6 mRNA (Fig. 2G) ; ventrally, the fused epibranchial placode (epX2, X3) of the second and third vagus nerves ( Fig. 2G ; Schlosser and Northcutt, 2000) .
The main pattern was preserved at stage 40 ( Fig. 2D ), where we found Xcad-6 in a complex composed of the ganglia of glossopharyngeal and vagal as well as the middle and posterior dorsal lateral line nerves (Schlosser and Roth, 1997; Schlosser, personal communication) . Glossopharyngeal (IX), vagal (X1, X2, X3) and posterior lateral line nerves (m) emanate from this structure. More anteriorly, staining appears diffuse, most probably because all major descendents of cranial and lateral line nerves are present at that stage forming a complex network in the head (Schlosser and Roth, 1997) . A schematic overview of Xcad-6 expres- H and Hcad-6. Amino acids in red boxes are conserved between Xcad-6 and its mammalian and avian homologues, but are exchanged between Xcad-6 and Xcad-6
H . Amino acids in blue boxes are only conserved between Xcad-6 and its avian homologue. The QAV or QAI motifs that are characteristic for type II cadherins are shaded as well as an additional exchange between Xcad-6 and Xcad-6 H in the signal peptide. Interestingly an exchange led to a QAI motif in all cadherin-6 proteins except for the Xenopus and rat homologues. (B) Overall amino acid identity of Xcad-6 with its pseudoallele and other members of the cadherin superfamily. xN-Cadherin as a type I subfamily member shows a signi®cantly lower degree of homology to sion is summarized in Fig. 2H which was deduced in accordance with Schlosser and Northcutt (2000) and HemmatiBrivanlou et al. (1992) . For better understanding we depicted the complete spatial expression pattern, simplifying its time course along the anteroposterior axis.
Xcad-6 expression corresponds to the situation in the mouse, where cadherin-6 is found in cranial nerves (Inoue et al., 1997) . Neural crest and placodes contribute to cranial nerves, whereas the lateral line system is most probably exclusively of placodal origin (Northcutt et al., 1995; Narayanan and Narayanan, 1980; Couly and Le Douarin, 1990; Knuoff, 1935; Schlosser and Roth, 1997; Schlosser, personal communication) . In the mouse, only neural crest derived cadherin-6 expressing cells were reported to contribute to cranial nerves (Inoue et al., 1997) . In chicken Ccad6b was only found in premigratory neural crest cells (Nakagawa and Takeichi, 1995) . Our ®ndings, however, implicate a major contribution of placode derived cadherin-6 expressing cells to the amphibian PNS.
These aspects indicate divergent functions of cadherin-6 homologues in birds, mammals and amphibians. There is evidence that chicken cadherin-7 (Ccad-7) has replaced Ccad-6b in migrating neural crest cells (Inoue et al., 1997; Nakagawa and Takeichi, 1998) . In Xenopus, however, we do not ®nd Xcad-6 expression in neural crest cells. Instead, Xcad-6 is prominently found in placodes and the ganglia and nerves derived from them. The different expression patterns among the vertebrates not only address cadherin-6 function in nerve formation, fasciculation and axon outgrowth; a central question also concerns the importance Xcad-6 expression domains in neurogenic placodes (red) and in neural tissues (green) including brain, neural retina and peripheral nerves. A part of the anteroventral lateral line placode remains devoid of Xcad-6 mRNA (pink). e, eye anlage; epVII, epibranchial placode of facial nerve; epIX, epibranchial placode of glossopharyngeal nerve; epX1, epibranchial placode of ®rst vagus nerve; epX2, X3, fused epibranchial placode of second and third vagus; fmb, forebrain-midbrain boundary; g, complex composed of the ganglia of glossopharyngeal and vagal as well as the middle and posterior dorsal lateral line nerves; gAD, AV, VII, fused ganglion of anterodorsal and anteroventral lateral line and facial nerves; Gad, ganglion of anterodorsal lateral line nerve; gVII, ganglion of facial nerve; gM, IX, fused ganglion of middle lateral line and glossopharyngeal nerves; gP, X, fused ganglion of posterior lateral line and vagus nerves; m, middle lateral line nerve; mhb, midbrain-hindbrain boundary; pAD, anterodorsal lateral line placode; pAV, anteroventral lateral line placode; pM, middle lateral line placode; pP, posterior lateral line placode; r, developing retina; rAD, AV, VII, root of anterodorsal and anteroventral lateral line and facial nerves; VII, facial nerve; IX, glossopharyngeal nerve; X1, X2, X3, three trunks of vagus nerve; vOT, otic vesicle. of neural crest versus placodes for the PNS and its evolutionary conservation. Xcad-6 provides an excellent tool to investigate these matters in Xenopus.
Experimental procedures
2.1. Cloning of Xenopus laevis Cadherin-6 pseudoalleles
